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ˍȅ͉̲͛ͅ
߃ා͈ΟͻΐΗσ΃ιρ͞ΑζȜΠέ΁ϋْ͈௨ੜၑ
ܿ੅͈อജฺ̽̀ͅȄْ௨ੜၑͅచ̳ͥ۾૤͉ͤࣞ̽͘͢
̞̀ͥȅ̷͈ಎ́܏ْ௨࠿੄ܿ੅͉Ȅ΃ιρ́૽໤ͬज़ג
̳ͥषͅȄ࠿੄̱̹܏ͅάϋΠͬু൲಺୯̳ͥ܏࠿੄ AF
Ȫ΂ȜΠέ΁Ȝ΃ΑȫȄ࠿੄̱̹܏ͅഐ୨̈́Ⴚ࢕̦ංͣͦͥ
̠͢ࣆͤ̈́̓ͬু൲಺୯̳ͥ܏࠿੄ AEȪু൲Ⴚ੄ȫȄ࠿
੄̱̹܏ͬഐ୨̈́܏૗̳ͥͅ܏࠿੄WBȪγχͼΠΨρ
ϋΑȫͬ৘࡛̳ͥܿ੅ͅܙဓ̱̞̀ͥˍȄˎ ȫȅ࡛ह͈܏࠿੄
ܿ੅͈ఉ̩͉ ViolaȽJones༹ˏȫ̦ࡓ̤̈́̽̀ͤͅȄ܏͈
අಭၾ̽̀͢ͅ܏࠿੄̱̞̹̀ͥ͛Ȅ܏࠿੄ͅඅا̱̞̀
ͥȅ
ུࡄݪ͉́Ȅ̜̥̲ͣ͛ै଼̱̹܏ΞϋίτȜΠْ௨
ͬ๭ࡑ৪ْ௨ͅਹ̵͇ࣣͩ̀Ȅͤ͢႒য̱̞̀ͥ໐໦ͬ
܏ႀ֖̱͂̀࠿੄̳ͥȅ࠿੄̳ͥष͉ͅȄRGBນ૗ࠏ͢
遺伝的アルゴリズムを用いた顔画像検出処理の改良
ႅȁȁࢴ໹ɖȁȁ܃५ȁࢴ୆ɖɖȁȁಎఆȁࢣঃɖɖɖȁȁ࣏୼ȁୃგɖɖȁȁعࡔႅ࿻๼ɖɖ
Improvement of a face image detection method by genetic algorithm
Kohei HAYASHI, Akio MARUYAMA, Takafumi NAKAMURA, 
 Masakazu ARAKAWA and Tomomi KAWARABAYASHI 
This paper describes a face image detection method which is executed by image processing 
immediately. Face image detection is one of the most mature studies in computer vision and has been 
gradually advanced practical use. But it has been still left room for studies on detection accuracy 
and processing speed. In our study, we applied an improved genetic algorithm into template pattern 
matching which is one of pattern recognitions, and we detected a face area in static images rapidly. 
In comparison with the template face image and a subject image, this algorithm increase comparison 
pixels as the generation in genetic algorithm increase. Furthermore, we adopt YCrCb color system for 
our face detection system in order to detect face images with relatively accuracy. As a result, we could 
implement our face detection algorithm in motion movies. Finally, this paper reports the detection 
rate and the detection time for our face detection system.
Keywords : face detection, image processing, computer vision, genetic algorithm, pattern matching
ͤ YCrCbນ૗ࠏ͈༷̦ͤࣞ͢࠿੄ၚͬထ๵৘ࡑ́ං̤̀
ͤȄYCrCbນ૗ࠏͬनဥ̱̹ḙ͈̏ਹ̵͇ࣣͩͤ͢ͅड
ഐٜͬݥ̧̭̦̦͛ͥ͂́ͥȄ܏͈ఱ̧̯͞߹̧̈́̓ͬࣉ
ၪ̳ͥ͂Ȅਹ̵͇ࣣ͈ͩழ̵͙ࣣ͉ͩบอഎͅ௩ح̳̹ͥ
͛Ȅࠗॳͅఉ̩͈শۼͬါ̳ͥḙ̷̏́Ȅผఱ̈́ତ͈ٜ࢓
༞ಎ̥ͣडၻٜอࡉͅခ࢘̈́਀౲̯̞͂ͦ̀ͥ֒ഥഎͺ
σΌςΒθȪGAȫͬဥ̞̀Ȅ৘শۼඤ͈́࠿੄̳ͬͥȅ
̯ͣͅȄGA͈ଲయͬࠐ̮ͥ͂ͅ๤ڛْளତͬ௩̱̞̀͞
̩̠͢ͅ GA̤̫ͥͅບثͬ٨ၻ̳̭ͥ͂́Ȅଲయ੬๕
͈๤ڛْளͬࡘઁ̵̯̀Ȅ࠿੄ੜၑশۼ͈ࣞ௸اͬ৘࡛̱
̞̀ͥȅ
ˎȅْ௨͈ܖུٽැ
΋ϋάνȜΗષْ͈́௨ૂ༭͉ΟͻΐΗσْ௨̜́ͤȄ
ၗ८എْ̈́ள͈ਬࣣ́ࢹ଼̯ͦͥȅڎْள̹͘͜ၗ८എ̈́
ɖڼ৆ٛ২ͺȜΠΞ·ΦυΐȜȁȁɖɖഩܨഩঊࢥڠشȁȁɖɖɖޗ֗ࡄݪ঑׳ΓϋΗȜ
Ĵĵ ໛֔ࢥުࣞ൝୺࿝ڠࢷȁࡄݪܮါȁুடشڠȆࢥڠȁల ĵĺ࣢ȁĳıĲĶ
ෛౠ͈૗ૂ༭ͬ঵̤̽̀ͤḘ̏ͦͬٴ಺౵͂ࡤ͐ȅ΃ρȜ
ْ௨๊͉֚́ͅ୤ȄႂȄ୒͈२૗ͬईࣣ̱̀૗ͬນ࡛̳ͥ
̹͛Ȅْ͈֚̾ள̦२͈̾ٴ಺౵ͬ঵̾ḙ͈̏૗͈೰༷͛
ͬ RGBນ૗ࠏ͂͐͢ȅऒئͬࡔതȄ؍༷࢜ͬ̔৊Ȅਸ༷
࢜ͬ̕৊̱͂̀Ȅ̜ͥպ౾Ȫx,yȫْ̤̫ͥͅள͈୤ȄႂȄ
୒͈ٴ಺౵̷̸ͬͦͦ rȪx, yȫȄgȪx, yȫȄbȪx, yȫ̳͂ͥȅ
ٴ಺౵͉ Ĺbit́ນ̱Ȅˌ̥ͣ ĳĶĶ ͈́͘ାତ౵̳͂ͥȅ
૗ͬ೰ၾഎͅນ̳ນ૗ࠏ͉ͅ RGBນ૗ࠏոٸͅତਅ႒
̜ͥȅུࡄݪ́ե̠ YCrCbນ૗ࠏ͉ȄܵഽȪYȫȄ୤૗
ओȪCrȫȄ୒૗ओȪCbȫ͈२ါள̥ͣ̈́ͤȄ৽ͅΟȜΗ͈
գੀ͞ഥ௣ͅဥ̞ͣͦͥນ૗ࠏ̜́ͥȅܵഽ͉૽̦ྶ̯ͥ
̱̲͂̀ۜͥޑ̯͕͖͂๤႕̱̹ତ౵̜́ͤȄ૗ओ͉͂ܵ
ഽ͈͂௖చഎ̈́૗͈ޑ̯̜́ͥḙ̭̏́ȄRGBນ૗ࠏ̥
ͣ YCrCbນ૗ࠏͅ་̳۟ͥ৆ͬ৆Ȫˎȅˍ ȫͅা̳ȅ
Ȫˎȅˍ ȫ
ْ௨͈ܜةڠ་࣐̠̹۟ͬ͛ͅȄͺέͻϋ་۟ੜၑͬ၌
ဥ̳ͥȅͺέͻϋ་ْ͉۟́௨͈ڐఱੀ઀ȄٝഢȄ໹࣐֊
൲̞̹͂̽ੜၑ࣐ͬႥ́ນ̳ˏȄː ȫȅոئ͈਀ਜ਼ͅਲْ̽̀
ளȪx,yȫ̦Ȫu,vȫͅ֊൲̧̳ͥ͂Ȅ̷ ͈་۟৆͉৆Ȫˎȅ
ˎȫ́ນ̯ͦͥȅ
ӱȁx༷࢜ͅ SxȄy༷࢜ͅ Sy͈෼ၚْ́௨ͬڐఱ
Ӳȁࡔതͬಎ૤̱͂̀ٝഢڙ șْ̺̫௨ͬٝഢ
ӳȁx༷࢜ TxͅȄy༷࢜ͅ Tyْ̺̫௨ͬ໹࣐֊൲
ȁȁȪˎȅˎ ȫ
ˏȅ֒ഥഎͺσΌςΒθͥ͢ͅ܏࠿੄ੜၑ
܏࠿੄͉́Ȅܖ੔͂̈́ͥ܏ْ௨ȪΞϋίτȜΠْ௨ȫͅ
చ̱̀ͺέͻϋ་۟ͬഐဥ̱Ȅအș̈́պ౾Ȅڐఱ෼ၚȄٝ
ഢڙഽ́๭ࡑ৪ْ௨ͅਹ̵͇ࣣͩȄ๭ࡑ৪ْ௨͈͂႒যഽ
͈๤ڛ࣐̠ͬȅडਞഎͅܖ੔ْ͂̈́ͥ௨͂ड͜႒যഽ̦ࣞ
̞໐໦ͬȄ܏ႀ֖̱͂̀࠿੄̳ͥȅ
໹޳എ̈́܏ْ௨ͬै଼̳̹ͥ͛Ȅུࡄݪ͉́ Ĳıྴ͈๭
ࡑ৪͈܏ْ௨ΟȜΗͬဥ̞̀ΞϋίτȜΠْ௨͈ै଼ͬ
࣐̠ȅ̴͘Ĳıྴْ͈௨ͬज़ג̱̀܏໐໦ͬΠςηϋΈ̱Ȅ
̷̸ͦͦͬ ķĵ ȿ ķĵ ْளͅڐఱੀ઀̳ͥȅ̷͈ͦͣڎْ
ள̞̾̀ͅٴ಺౵͈໹޳ͬ৾ͤȄ܏͈໹޳ْ௨͈ै଼࣐ͬ
̠ȅ̷͈ࢃȄ໹ڲاੜၑͬح̢̀ΦͼΒͬ೩ࡘ̱Ȅडࢃͅ
܏͈ႊڜ̵̧͉̯̹ͬ̽ͤͥ͛஛נاੜၑͬঔ̳ȅ
ˏȅˍ ȁňł͈ڎ֒ഥഎௌै͂܏࠿੄͈͒ഐ؊
܏ΞϋίτȜΠْ௨͂๭ࡑ৪ْ௨ͬအș̈́պ౾́ਹ͇
̵ࣣ̹ͩͥ͛ͅȄ଎ˍͅা̳ GAٜ͈ͤ͢ͅౝ࣐̠॑ͬȅ
႒যഽ͈ঐດ̱͂̀Ȅ৆Ȫˏȅˏ ȫ̥ͣഐ؊ഽͬݥ͛ͥȅ
̹͘Ȅུ ࡄݪ́ഐဥ̱̹GA͈ڎΩριȜΗͬນˍͅা̳ȅ
ӱȁ੝ܢਬ౬୆଼
୆໤͈ાࣣȄࡢఘ͈අ଻͉அ૗ఘ̽̀͢ͅࠨ೰̯ͦͥȅ
அ૗ఘ͉ͅȄఉ̩͈֒ഥঊૂ༭̦ಇ̢̤ͣͦ̀ͤḘ̏ͦ
̦ͣ૶͈ࡢఘ̥ͣঊః͈ࡢఘ͒͂ഥో̯̞̩ͦ̀ȅGÁ
͉Ȅ͈֚̾ࡢఘ͉͈֚̾அ૗ఘ́ນ̯ͦͥȅGÁ੝ܢਬ
౬ͬैͥष͉ͅȄ၄ତͬဥ̞̀ρϋΘθ͈ඵૺତႥȪࡢఘȫ
ͬܡ೰ତ̺̫୆଼̳ͥȅུࡄݪ͉́Ȅ଎ˎ͈̠͢ͅΞϋί
τȜΠْ௨͈ x༷͈࢜պ౾Ȅy༷͈࢜պ౾Ȅڐఱ෼ၚȄٝ
ഢڙഽ̷̸ͬͦͦ˔ΫΛΠ͈֒ഥঊ෻Ⴅͅచ؊̵̯Ȅࡢఘ
଎ˍȁňł͈έυȜΙλȜΠ
ນˍȁňłΩριȜΗ
ࡢఘତ Ĳķࡢ
࢐ए༹༷ ˎത࢐ए༹
ඏட་։ږၚ ˑɓ
஖఼Ȇൕఋ༹ ΀ςȜΠ஖఼
ਞၭૄ࠯ Ĳıı ଲయࠐً́ਞၭ
ĴĶ
ତ͉ Ĳķࡢ̳͂ͥȅ
Ӳȁ࢐ए
GA̤̫ͥͅ࢐ए͉Ȅਬ౬͈ಎ̥ͣ૶͂̈́ͥࡢఘ͈చͬ
஖͍Ȅ֒ഥঊ෻Ⴅͬ໐໦എͅවͦఢ̢̀Ȅঊ͂̈́ͥࡢఘͬ
୆଼̳ͥௌै̜́ͥȅͤ͢ၻ̞ٜ͈ૂ༭ͬ঵̹̽ࡢఘ൳আ
̦࢐ए̳ͦ͊Ȅͤ͢डഐٜͅ߃̞ࡢఘͬංͥخෝ଻̦̩ࣞ
̈́ͥȅུࡄݪ͉́ඵത࢐ए༹ͬनဥ̱Ȅ図３ ͈̠֒͢ͅഥ
ঊ෻Ⴅ̮͂ͅ࢐एതͬρϋΘθͅඵ̾஖͍Ȅ࢐एതۼ͈ව
ͦఢ̢࣐̠ͬḙ͈̏౲ٴ͉́Ȅঊࡢఘ͂૶ࡢఘ̷̸̦ͦͦ
Ĳķࡢఘంह̳̹ͥ͛Ȅࠗ Ĵĳࡢఘ̧̦́ͥȅ
ӳȁඏட་։
ඏட་։͉́Ȅ図４ ͅা̳̠͢ͅȄஅ૗ఘષ͈හփ͈֒
ഥঊͬ஖͍ȄΫΛΠͬ฽ഢ̵̯ͥȅඏட་։͉́Ȅ஠֒ഥ
ঊ෻Ⴅͅచ̱̀Ȅܡ೰͈ඏட་։ږၚ̽̀͢ͅ৘࣐̯ͦ
ͥȅඏட་։̽̀͢ͅਬ౬̱͈͂̀ఉအ଻ͬࣞ͛Ȅޫਫ਼ٜ
͈͒ਓ௵ͬٝ๰̳ͥȅུࡄݪ͈́ඏட་։ږၚ͉ˑɓ̳͂
ͥȅ
Ӵȁഐ؊ഽ͈ບث
YȄCrȄCb͈ڎ౵ͬບثါள̱͂̀Ȅ̷̸ͦͦບث
৘ࡑ࣐̠ͬȅGA̽̀͢ͅȄպ౾ȪXGAȄYGAȫȄڐఱ෼ၚ
RGAȄٝഢڙഽ șGAͬࠨ೰̱Ȅͺέͻϋ་۟̽̀͢ͅΞϋ
ίτȜΠْ௨ͬڐఱȄٝഢȄ֊൲̵̯Ȅ๭ࡑ৪ْ௨͂Ξϋ
ίτȜΠْ௨ͬਹ͇Ȅڎْள̞̾̀ͅບث౵ͬݥ͛ͥḙ̏
͈ਹ̵͇ࣣ͈ͩषȄΞϋίτȜΠْ௨͈պ౾Ȫx , yȫͅచ
؊̳ͥ๭ࡑ৪ْ௨͈պ౾Ȫxp ĭ ypȫ͉Ȅ৆Ȫˏȅˍ ȫ̽͢ͅ
̀ݥͥ͘ȅ
Ȫˏȅˍ ȫ
ഐ؊ഽ͉ਹ̵͇ࣣ̹ͩ໐໦͈ڎْள̤̫ͥͅ YCrCb౵
͈ओ͈ࣣࠗ́ບث̳ͥȅུࡄݪ͉́ȄY౵ȄCr౵ȄCb౵
ͬ༆șͅບثါள̱͂̀৘࣐̱̞̀ͥȅ̳̻̈́ͩȄΞϋί
τȜΠْ௨͈պ౾Ȫx,yȫͅ ̤̫ͥ YCrCb౵ͬ fTȪx,y,cȫȄ
๭ࡑ৪ْ௨͈պ౾Ȫx,yȫͅ ̤̫ͥ YCrCb౵ͬ f SȪx,y,cȫ
̱͂̀Ȅບث౵ EȪx,y,cȫͬ৆Ȫˏȅˎ ȫ̽̀͢ͅݥ͛ͥȅ
̹̺̱Ȅc∈ {Y,Cr,Cb}̳͂ͥȅ
ȁȁȁȁȪˏȅˎ ȫ
৆Ȫˏȅˎ ȫͬΞϋίτȜΠْ௨͈஠ْள̞̾̀ͅഐဥ
̱Ȅୃܰا̱̹৆ͬ৆Ȫˏȅˏ ȫͅা̳ḙ̭̏́ȄWTȄHT
̷̸͉ͦͦΞϋίτȜΠْ௨͈؍༷࢜Ȅਸْ༷͈࢜ளତ́
̜ͥḙ̏ͦͤ͢ͅȄΞϋίτȜΠْ௨͂๭ࡑ৪ْ௨͈ഐ؊
ഽ̦ݥͥ͘ȅ
ഐ؊ഽ ȁȁȁȁȪˏȅˏ ȫ
ˏȅˎ ȁ࠿੄ੜၑ͈ࣞ௸ا
ഐ؊ഽͬॳ੄̳ͥषȄΞϋίτȜΠْ௨͂๭ࡑ৪ْ௨͈
చ؊̳ͥ஠ْ͈̀ள̞̾̀ͅഐ؊ഽͬࠗॳ̳̹ͥ͛Ȅ̷
͈ࠗॳ໅ك͉ΞϋίτȜΠْ௨͈΍ͼΒͅఱ̧̩גޣ̯
ͦͥȅ̳̻̈́ͩȄķĵ ȿ ķĵ ْள͈ΞϋίτȜΠْ௨͉́Ȅ
ķĵ ȿ ķĵ ͈ٝഐ؊ഽ͈ࠗॳ̦ຈါ͂̈́ͥḙ̷̏́Ȅ図５
͈̠͢ͅȄౝ॑ٳইশ͉๤ڛْளତͬࡘ̱ͣȄౝ͈॑ૺ࣐
̵ࣣͩ̀ͅ๤ڛْளତͬ௩ح̵̯̞̩̀਀༹ͬ೹մ̳ͥȅ
଎ˎȁ੝ܢਬ౬͈୆଼
଎ːȁඏட་։
଎ˏȁඵത࢐ए
֒ഥഎͺσΌςΒθͬဥ̞̹܏ْ௨࠿੄ੜၑ͈٨ၻ
Ĵķ ໛֔ࢥުࣞ൝୺࿝ڠࢷȁࡄݪܮါȁুடشڠȆࢥڠȁల ĵĺ࣢ȁĳıĲĶ
̭ͦͤ͢ͅȄ࠿੄ୈഽͬ֋঵̱̾̾Ȅੜၑ͈ࣞ௸اͬ଎ͥȅ
̭ͦͬ GAͅഐဥ̳ͥ͂Ȅ৹̞ଲయ͉́ഐ؊ഽ͈ࠗॳٝ
ତͬࡘ̱ͣȄडၻٜͅ߃̩̿ਞ๕͈ଲయ́ࠗॳٝତͬ௩͞
̳̭͂̈́ͥͅḙ̭̏́Ȅഐ؊ഽ͈ࠗॳͬજၞْ̳ͥள͈ۼ
ڞ l nͬ৆Ȫˏȅː ȫ́ݥ͛ͥȅ ͉ুடତ஠ఘ͈ਬࣣȄN
͉ GA͈஠ଲయତȄn͉࡛ଲయତ̜́ͥȅ
Ȫˏȅː ȫ
৆Ȫˏȅː ȫ̥̥̠ͣͩͥ͢ͅȄl0Ɂ Ĳķ ̱̹͂ḙ̏ͦ
͉଎˒ͅা̳̠͢ͅȄْளۼڞ l0̭ͬͦոષࢩ̬̀͜࠿
੄শۼ͈ఱ໙̈́ౣੀ̦ࡉࣺ̞̹̜͛̈́͛́ͥȅ̤̈́Ȅଲయ
ࠐًྀ͈๤ڛْளତ͉଎˓͈̠͢ͅଔ֊̱Ȅ̷͈ࠗॳ໅ك
͉ࣞ௸اஜ͈࿩ ĲıįĹɓ̈́ͥͅȅ
ːȅບث৘ࡑ͂ࣉख़
ུ୯͉́Ȅບث৘ࡑ̳ͬͥષ͈́৘࣐ેޙْ͂௨ૄ࠯ͅ
̞̾̀୰ྶ̱Ȅບث৘ࡑࠫض̷͈͂ࣉख़ͬဓ̢ͥȅ
Ȫˍȫ৘ࡑ༹༷
ոئ͈਀ਜ਼̱̹̦̽̀ͅ܏࠿੄ບث৘ࡑ࣐̠ͬȅ
ӱȁ๭ࡑ৪ Ĳı૽̥ͣૄ࠯ͬྖ̹̳๭ࡑ৪ْ௨ͬज़ג
ȁȁȪْ௨ૄ࠯ȇȶ܉ޢ̱̈́ȷȄȶୃ࿂̧࢜ȷȫ
Ӳȁज़גْ௨ͬ YȄCrȄCb͈ڎ଼໦ͅ་۟
ӳȁˍཿ͈๭ࡑ৪ْ௨ͬષܱˏ଼໦ͅ໦ٜ̱Ȅ̷̸ͦͦͅ
܏࠿੄ GAͬ Ĳıٝഐဥ
ȁȁȁවႁȇ๭ࡑ৪ْ௨
ȁȁȁ੄ႁȇ๭ࡑ৪ْ௨͈܏໐໦ْ௨Ȅ
ȁȁȁȁȁȁଲయତ̷͈͂΀ςȜΠࡢఘഐ؊ഽ
ӴȁĲıཿ͈๭ࡑ৪ْ௨ͅచ̱̀ӳ͈܏࠿੄ੜၑͬ৘࣐
Ȫˍ଼͈̾໦̧̾ͅ Ĳıı ཿ͈๭ࡑ৪ْ௨͂ Ĳıı ٝ໦
͈΀ςȜΠࡢఘഐ؊ഽͬ੄ႁȫ
ӵȁĲıı ཿ͈๭ࡑ৪ْ௨̤̞̀ͅ܏࠿੄ͬ฻೰
Ȫ଎ Ȫ˔ţȫ͉܏࠿੄଼ࢗ႕ȫ
Ȫˎȫ৘ࡑࠫض
৘ࡑࠫض̱͂̀࠿੄଼ࢗၚͬນˎͅা̳ȅ̹͘Ȅଲయତ
͈ࠐฺً̠ͅഐ؊ഽ͈ଔ֊ͬ໹޳ا̱̹Έρέͬ଎ ĺͅ
া̳ȅ
ȪŢȫౝ॑੬๕ Ȫţȫౝ॑ಎ๕ ȪŤȫౝ॑ਞ๕
଎ˑȁ๤ڛْளତ
଎˒ȁْளۼڞ l0͂࠿੄শۼ
଎˓ȁ๤ڛْளତ͈ଔ֊
ນˎȁ܏ْ௨࠿੄ၚ
YCrCbນ૗ࠏ Y Cr Cb
দ࣐ཿତ Ŝ ཿ Ş Ĳıı Ĳıı Ĳıı
࠿੄଼ࢗၚ Ŝɓ Ş ĶĹ Ĺı Ĺı
଎˔ȁ܏࠿੄႕
ȪŢȫࡔْ௨ ȪŤȫ৐෴႕Ȫţȫ଼ ࢗ႕
Ĵĸ
଎˕ͤ͢ȄYȄCrȄCb͉͂͜ͅଲయତͬࠐ̮ͥ͂ͅഐ
؊ഽ̦ౙ಺ͅષઌ̱̤̀ͤȄGAͥ͢ͅੜၑ͉ഐ୨࣐ͩͅ
̞̭̦ͦ̀ͥ͂໦̥ͥȅ̹͘ȄCr͂ Cb͈࠿੄ၚ̦̥ࣞ̽
̹ၑဇ̱͂̀Ȅ଎˕ͅা̳̠͢ͅၰ৪͉ഐ؊ഽ͈་൲໙̦
๤ڛഎࢩ̩Ȅ܏̷͂ͦոٸ͈ႀ֖͈ओͬນ̧࡛̞̭́̀ͥ
̦͂ݷ̬ͣͦͥȅ࠿੄ୈഽ̹͉ͬࣞ͛ͥ͛ͅȄໝତ͈૗ૂ
༭ͬဥ̞̭̦ͥ͂ခဥ̜́ͥ͂ࣉ̢ͣͦͥȅ
̤̈́Ḙ͈̏ͦͣࠫض͉Ȅଲయତͬ Ĳıı ͤ͢ఱ̧̞౵ͅ
̱̹ાࣣ͕͖́͜൳൝̜́ͤȄਞၭଲయତ͉ Ĳıı ଲయ́
਱໦̜́ͥȅ̹͘ੜၑশۼͅ۾̱̀Ȅࣽٝै଼̱̹ΏΑΞ
θ͉́ˍຟۼͅ࿩ ĲĶ͈ٝ܏࠿੄̦خෝ̜́ͥȅ๊֚എ̈́
൲ْ͈έτȜθτȜΠ̦ 30fps೾ഽ̜̭̥́ͥ͂ͣȄ܏࠿
੄ͅ GAͬဥ̞̭ͥ͂́Ȅ൲ْ௨ͅ؊ဥ̧͕͈́ͥ̓ࣞ
௸̈́৘শۼੜၑ̦خෝ̜́ͥȅ৘ष̭͈ͅͺσΌςΒθͬ
൲ْ௨ͅഐဥ̱Ȅ൲ैږ෇̤̭̞ͬ̈́̽̀ͥȅ
ˑȅ͂͛͘
ུࡄݪ͉́ȄΞϋίτȜΠζΛΙϋΈ༹ͅ GAͬഐဥ
̱̀܏ْ௨࠿੄࣐̞ͬȄYCrCbນ૗ࠏͥ͢ͅ࠿੄ၚ͈๤
ڛ࣐̹ͬ̽ȅບث৘ࡑ͈ࠫض̱͂̀ȄY͉࠿੄ၚ̦೩̩Ȅ
Cr͂ Cb͉̞ࣞ࠿੄ၚ̹͂̈́̽ȅ̹͘Ȅ࠿੄ၚͬ֋঵̱
̹͘͘࠿੄ੜၑশۼͬౣੀ༹̳༷̱ͥ͂̀ȄΞϋίτȜΠ
ْ௨͂๭ࡑ৪ْ௨͈๤ڛْளତͬࡘ̱ͣȄഐ؊ഽॳ੄͈ࠗ
ॳ໅كͬဲ̢༹༷ͥͬ೹մ̱̹ȅ̷͈ࠫضȄ୓গْ௨̥ͣ
͈৘শۼ͈́܏ْ௨ͬ࠿੄̱̹ȅ̹͘ȄུͺσΌςΒθͬ
ဥ̞̹൲ْ௨ಎ̥͈ͣ܏ْ௨࠿੄ͬ৘࣐̱̹ȅ
४ȁࣉȁ໲ȁࡃ
ˍȫġᇓଲᾈȄ५࢛ਘȇ܏ْ௨ੜၑܿ੅͈൲࢜Ȅૂ ༭ੜၑȄŗŰŭįĶıȄ
ŏŰįĵȄűűįĴĲĺĮĴĳķȄĳııĺȅ
ˎȫġᇓଲᾈȄ५࢛ਘȇ܏ْ௨ੜၑ͈؊ဥম႕Ȅૂ ༭ੜၑȄŗŰŭįĶıȄ
ŏŰįĶȄűűįĵĴķĮĵĵĴȄĳııĺȅ
ˏȫġőįġŗŪŰŭŢĭġ œŰţŶŴŵġ ųŦŢŭĮŵŪŮŦġ ŧŢŤŦġ ťŦŵŦŤŵŪŰůĭġ ŊůŵŦųůŢŵŪŰůŢŭġ
ŋŰŶųůŢŭġŰŧġńŰŮűŶŵŦųġŗŪŴŪŰůĭġŗŰŭįĶĸĭġŏŰįĳĭġűűįĲĴĸĮĲĶĵĭġĳııĵį
ːȫġհݳ֭࿊Ȅ۾आஓྶȄऎ࿤ࡓ઎ȇń࡞ࢊْͥ͢ͅ௨ੜၑ׵ਠȄ
઎ࢴ൴ȄĳııĶȅ
ˑȫġհݳ֭࿊Ȅಿ๶౺ୀȇń࡞ࢊْͥ͢ͅ௨ੜၑව࿝Ȅ઎ࢴ൴Ȅ
ĳıııȅ଎˕ȁഐ؊ഽ͈ଔ֊
֒ഥഎͺσΌςΒθͬဥ̞̹܏ْ௨࠿੄ੜၑ͈٨ၻ
